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Abstract 
Using 87Sr/86Sr ratios and the geochemistry of groundwater we were able to identify different hydrochemical facies in 
the Adamantina aquifer, Bauru Basin (Brazil). Samples from shallow wells show Cl-NO3-Ca-Mg water with low pH 
due to natural and anthropogenic recharge. The 87Sr/86Sr ratios are greatest in the shallower parts of the aquifer 
(0.7134) and decrease with increasing well screen interval depth. The nitrate concentration gradually decreases with 
depth and aquifer pH increases, HCO3 predominates as the main anion, and the groundwater becomes saturated with 
respect to calcite, with average 87Sr/86Sr ratios of 0.708694 at depth. 
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1. Introduction 
The Urânia urban area of Brazil has become the object of intense hydrogeological investigations since 
natural hexavalent chromium concentrations in groundwater have been detected in most private and 
municipal wells, sometimes exceeding the potable water quality limit (0.05 mg L-1) [1, 2]. Besides its 
thick unsaturated zone composed of tropical silty sand soils [3], shallow groundwaters in Urânia are also 
affected by high concentrations of nitrate since the 1990’s due to the lack of wastewater mains. Located 
in the northwest portion of São Paulo State (Brazil), Urânia has 10,000 inhabitants and its drinking water 
is totally supplied by groundwater. In this study, hydrogeochemistry and Sr isotopes were applied to 
characterize groundwater recharge, flow, and water-rock interaction process. This abstract aims to 
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demonstrate the control of water-rock interaction on hydrochemical units and the Sr isotopic signature in 
groundwater from the Adamantina Aquifer. 
 
2. Geological and hydrogeochemical settings 
The aquifer in Urânia is composed of sedimentary rocks of the Bauru Basin (Upper Cretaceous age) 
that overlie basalts of the Serra Geral Formation (Paraná Basin, Jurassic-Cretaceous age). The Bauru 
Basin was formed under climatic conditions that ranged from semi-arid to desert The sedimentary rocks 
of the Adamantina Formation (the substrate of the Bauru Basin), which outcrops in the study area located 
in the municipality of Urânia, are composed of well-sorted fine to very fine sandstones interbedded with 
siltstones. Carbonate cement is found to occur locally. The sandstones are arranged in submetric tabular 
layers of massive appearance, showing zones of coarse tabular bedding and zones with tabular and trough 
cross-bedding. The deposition of the Adamantina Formation occurred mainly due to aeolian action in 
extensive plain-like areas and secondarily by occasional torrents, forming wadi deposits. The mineralogy 
of the sediments is mainly quartz with minor feldspars, pyroxene, kaolinite, smectite, opaque minerals, 
and carbonate minerals that are present as the framework cement. The origin of the sediments is related to 
the erosion of other Phanerozoic sediments, basalts of the underlying Serra Geral Formation, and other 
metamorphic and alkaline rocks. The average thickness of the Bauru Group is around 100 m and the 
underlying Serra Geral Formation attains a thickness of around 900 m in the study area.  
The Adamantina aquifer in Urânia is of unconfined to semi-confined type and the groundwater flow 
lines converge on the main creeks of the region. Three classes of supply wells are found in Urânia, each 
representing conditions at a specific depth in the aquifer: private hand-dug wells, 4 in. private boreholes, 
and public 6 in. water supply wells [1]. In the Urânia region, the average temperature is 20°C and the 
average precipitation is 1,271 mm/a, which is distributed in an uneven form, with most precipitation 
falling in a rainy period from December to March, when most groundwater recharge occurs. Dry periods 
occur from April to November, when potential evapotranspiration is higher than precipitation.  
3. Material and methods 
3.1. Sample locations 
Water samples were collected for analysis of Sr isotopes and major ions from different sources: private 
shallow hand-dug wells (total depth of up to 18 m), private long screen boreholes (minimum and 
maximum screen interval 15-80 m), research monitoring well clusters (6 m long screen located at the 
bottom, total depth 30, 50, and 100 m), public water supply wells (minimum and maximum screen 
interval, 30-150 m), rain, tap water, and wastewater before treatment. 
3.2. Sampling and water analysis 
Water samples for major ions were filtered with a cellulose acetate membrane with a 0.2 μm pore size 
and 47 mm diameter. Samples for cations were acidified to pH<2 with HNO3. Parameters such as 
temperature, pH, Eh, dissolved oxygen, and alkalinity were measured in the field. 
Water samples for Sr analysis were collected in low-density polyethylene bottles of 500 mL capacity, 
which were previously cleaned following the recommended procedures [4]. During field sampling, bottles 
were rinsed three times with sample water before collection. Filtration was done after sampling at the 
laboratory in a dedicated acid cleaned polysulfone filter holder with receiver, with capacity of 1000 mL, 
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connected to a manual vacuum pump. After the filtration process, the bottles were rinsed twice with 
deionized water using MilliQ equipment and once with the filtered water sample. The samples were 
acidified to pH < 2 with ultrapure 50% HNO3 to avoid cation precipitation, and bottles were stored at 4º C 
to guarantee no chemical reactions. The Sr isotopes analysis followed the method developed at the Center 
of Geochronological Research (CPGeo), Geoscience Institute at the University of São Paulo [4]. The 
strontium isotope ratios were obtained by thermal ionization mass spectrometry (TIMS), using a Finnigan 
MAT 262 mass spectrometer. The 87Sr/86Sr were normalized to 86Sr/88Sr = 0.1194 and it was obtained at 
least 100 measurements for each sample. The NBS-987 standard average value obtained during the 
analysis, with 2 sigma error, was 0.710262 ± 0.000070. The blank mean value for strontium 
concentrations was 300 pg. 
4. Results and discussion 
4.1. Groundwater hydrogeochemistry 
Major ions analyses of Adamantina Aquifer and potential groundwater recharge sources indicate three 
hydrochemical zones. Water from the Shallow Zone (up to 30 m depth) exhibits Cl-NO3-Ca-Mg to Cl-
NO3-Na facies, pH varies from 4.4 to 6.5, [Sr] reaches 0.4 mg L-1, electrical conductivity (EC) varies 
from 100 to 1500 μS/cm, and NO3 reaches 172 mg/L. This zone is associated primarily with shallow 
hand-dug wells, but also with some private boreholes. The Intermediate Zone (30-70 m depth) exhibits 
HCO3-NO3-Ca-Mg facies, pH is around 7, [Sr] are around 0.8 mg L-1, EC varies from 100 to 400 μS/cm, 
and nitrate concentrations may reach 40 mg/L. The Deep Zone (>70 m depth) exhibits HCO3-Na facies, 
high pH varying 8.5 to 10.5, [Sr] around 0.95 mg L-1, and low NO3 concentrations. 
The low pH and Cl–NO3 water found in the shallow aquifer is attributed to contamination originating 
from input of septic systems in the urban area. Wastewater mains were implemented during the 1990’s 
and now cover the entire urban area. The nitrate concentration gradually decreases with depth due to 
contamination dispersion and dilution processes. At the same time, aquifer pH rises, HCO3 predominates 
as the main anion, and groundwater becomes saturated with respect to calcite. 
4.2. Sr isotopes 
Samples from Adamantina Aquifer, rain and other potential groundwater recharge sources in Urânia 
have 87Sr/86Sr ratios from 0.7085 to 0.7137 (Figure 1). More radiogenic 87Sr/86Sr values are related to the 
Shallow Zone and values decrease with depth. The average 87Sr/86Sr ratio for shallow hand-dug wells is 
0.7134, private boreholes and water supply wells have an average 87Sr/86Sr ratio of 0.7098 and 0.7087, 
respectively. At the research well cluster the shallowest well PM-3A (22-28 mbgs) has a 87Sr/86Sr ratio of 
0.7104, and PM-3B (42-48 mbgs) and PM-3C (92-98 mbgs) have ratios of 0.7085 and 0.7086, 
respectively. The rain sample has a 87Sr/86Sr ratio of 0.7109, a value that is intermediate between shallow 
wells and private boreholes. Tap water and wastewater have 87Sr/86Sr values of 0.7089 and 0.7096, 
respectively, ratios that are similar to the water supply wells. Shallow hand-dug wells have a distinct Sr 
isotopic signature compared to the other wells. The research well cluster is an important source of data 
due its shorter screen interval, and reveals that 87Sr/86Sr values decrease between 30 and 50 m, but not 
between 50 and 100 m. Long screen boreholes (private and public water supply) exhibit signatures that 
indicate a mixture of water from shallow and deep zones. The gradual decrease of 87Sr/86Sr values with 
depth indicates distinct bulk rock signatures or specific mineral signatures that are affected by strong 
weathering process close to the surface. 
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5. Conclusions 
The Adamantina Aquifer in Urânia is subdivided into three hydrochemical zones: the Shallow Zone 
impacted by natural and anthropogenic recharge, where Ca-Mg- or Na-Cl-NO3- and low pH waters 
predominate; the Intermediate Zone characterized by neutral pH, a decrease of NO3- and an increment in 












Fig. 1. Graphical representation of water Sr isotopes ratios from Urânia (SP), Brazil. Shallow hand-dug wells have 
higher 87Sr/86Sr values, while deeper wells have lower values. This is well illustrated by the research monitoring well 
cluster (PM-3A, 3B, 3C). Long screen wells have intermediate 87Sr/86Sr values, caused by mixing of water. 
 
The Sr isotope analysis in groundwater indicates an overall decrease of 87Sr/86Sr ratios with depth. 
Shallow hand-dug wells have high 87Sr/86Sr values, a layer richer in clayed minerals than the Deep Zone. 
These clayed minerals probably have more radiogenic ratios of Sr. As expected, long screen wells have 
87Sr/86Sr values that are intermediate, indicating mixing of water from different depths. The Sr isotopic 
signature obtained in groundwater predominantly results from water-rock interaction, and secondarily 
from recharge sources. Additional 87Sr/86Sr ratio analyses of rock are currently in progress to improve the 
water rock interaction conceptual model at the study site. 
Acknowledgements 
Carlos Maldaner has received a MSc scholarship from FAPESP (proc. 07/51992). We thank SABESP 
for the logistical support, and colleagues at LAMO and CPGeo, IGc-USP for fieldwork help and 
laboratory analysis. 
References 
[1] Bourotte C, Bertolo R, Almodovar M, Hirata R. Natural occurrence of hexavalent chromium in a sedimentary aquifer in Urânia, 
State of São Paulo, Brazil. Anais da Academia Brasileira de Ciências 2009; 81: 227-242. 
[2] Bertolo R, Bourotte C, Hirata R, Marcolan L, Sracek O. Geochemistry of natural chromium occurrence in a sandstone aquifer in 
Bauru Basin, São Paulo State, Brazil. Applied Geochemistry 2011; 26: 1353–1363. 
[3] Bertolo R, Hirata R, Sracek O. Geochemistry and geochemical modeling of unsaturated zone in a tropical region in Urânia, São 
Paulo state, Brazil. Journal of Hydrology 2006; 329: 49-62. 
[4] Martins V, Babinski M, Ruiz I, Sato K, Souza S, Hirata R. Analyticl procedures for determining Pb and Sr isotopic compositions 
in water samples by ID-TIMS. Química Nova 2008; 31-7: 1836-1842. 
